
(19) 

US 20030016863A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0016863 A1 
United States 

Risson (43) Pub. Date: Jan. 23, 2003 

(54) 

(75) 

(73) 

(21) 

(22) 

(30) 

PROCESS OF IDENTIFICATION OF 
SHADOWS IN AN IMAGE AND IMAGE 

Publication Classi?cation 

OBTAINED USING THE PROCESS (51) Int. Cl.7 ........................... .. G06K 9/34; G06K 9/46; 
G06T 7/00 

(52) US. Cl. ....................... .. 382/162; 382/165; 382/190; 

Inventor: Valery J. Risson, Paris (FR) 382/164 

(57) ABSTRACT 

glfi?zipgndseélliz Address: The invention relates to a process of shadow identi?cation in 
Patent L; a] Sta?. a digital image. The digital image comprises a set of image 
Eastman lggmak Com an points that can be located in a plane of the image, With each 
343 State Street p y image point being associated With a color and brightness. 
Rochester NY 14650_2201 (Us) The color is de?ned by chromatic components that can be 

’ located in the color space of an acquisition system, and the 

Assigned Eastman Kodak Company brightness is determinable from the chromatic components. 
' According to the process of the present invention, for each 

APPL No. 10/184 270 image point, the brightness is determined; color standard 
’ iZation is carried out, leading to standardized chromatic 

Filed; Jun_ 27, 2002 components r, g, b; a chromatic brightness is determined 
from the standardized chromatic components r, g, b; and the 

Foreign Application Priority Data chromatic brightness is compared With the brightness, to 
identify the presence of a shadoW on the relevant image 

Jul. 5, 2001 (FR) ............................................ .. 0108907 point. 

200 5 

’ til, 
, STANDARD/ZED S TAR T IMA GE 

/ M A GE 

700 L 300 1/ 

2 400 4 

, § ‘ i 
L/GH TNESS 

BRIG/1' TNESS 
if,’ 



Patent Application Publication Jan. 23, 2003 Sheet 1 0f 3 US 2003/0016863 A1 



Patent Application Publication Jan. 23, 2003 Sheet 2 0f 3 US 2003/0016863 A1 

7 200 5 

< 3 5 
START IMAGE V STANDARD/ZED 

[MA GE 

100 
L 300 L 

2 400 4 

i g \ 3 
BR/GHTNESS L/GHTNESS 



Patent Application Publication Jan. 23, 2003 Sheet 3 0f 3 US 2003/0016863 A1 



US 2003/0016863 A1 

PROCESS OF IDENTIFICATION OF SHADOWS IN 
AN IMAGE AND IMAGE OBTAINED USING THE 

PROCESS 

[0001] This is a US. original application Which claims 
priority on French patent application No. 0108907 ?led Jul. 
5, 2001. 

FIELD OF THE INVENTION 

[0002] The invention relates to the technical ?eld of 
processing digital or digitized images. More speci?cally, the 
invention relates to a process that enables shadoW Zones to 
be identi?ed in an image. 

BACKGROUND OF THE INVENTION 

[0003] In the ?eld of the digital interpretation of images 
associating the presence of shadoWs and light, tWo devel 
opment directions can be seen. The ?rst relates to the 
detection, and more especially, object identi?cation in an 
image despite the presence of shadoWs. The second aims, 
more especially, to identify and interpret the shadoW Zones 
of an image, independently of the objects. 

[0004] The ?rst development direction is based on the 
assumption that an object can be recogniZed by its color, 
independently of Whether or not this object is shadoWed. The 
methods developed on the basis of this visual assessment are 
not alWays satisfactory, especially When there are signi?cant 
image illumination contrasts. 

[0005] The second development direction is more in line 
With an object of the invention that includes identifying the 
shadoWs in an image. 

[0006] One Well-knoWn approach involves identifying in 
an image, the limits of an object bordered by a dark Zone 
contrasting With the color of the object. HoWever, this 
method enables identi?cation of only a part of the shadoW 
Zones, as cast or relative shadoWs in this case, Which are the 
projections of shadoWs on the surface of a body. In general, 
a cast or relative shadoW, mentioned above, is distinguished 
from a “proper” shadoW, the latter corresponding to the 
shadoW of a body projected into space and visible for an 
observer on this same body. The distinction can be illus 
trated by the shadoW of a person facing the daWn, Which 
projects a cast or relative shadoW behind his back, for 
example on the ground surface, but Where the back itself 
also constitutes a “proper” shadoW Zone. 

[0007] Another Well-knoWn approach is based on the 
spectral and structural characteristics of shadoWs, ie their 
colors and shapes. This approach enables the identi?cation 
equally of cast shadoWs and proper shadoWs. It includes the 
digital segmentation of the image into ?nite color elements, 
from Which is carried out an analysis of the radiation emitted 
by the image objects. One of the disadvantages of this 
technique is the fact that it is based on the structural 
characteristics of shadoWs, and that it requires digital seg 
mentation of the image. In particular this means, using long 
and complex image processing, Which requires improved 
calculation means and Which does not alWays produce 
satisfactory results. 

[0008] Therefore, there is a need to improve the quality of 
digital processing enabling the identi?cation of the shadoWs 
in an image, and to achieve this using simple and rapid 
processes. 
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SUMMARY OF THE INVENTION 

[0009] Thus, it is an object of the invention to propose a 
process Which does not have the previously mentioned 
disadvantages, that enables the identi?cation of the shadoWs 
in an image, and is capable of being implemented easily 
using simple and rapid digital processing means. 

[0010] The invention includes a process of shadoW iden 
ti?cation in an image comprising a set of points that can be 
located in the plane of the image. Each image point is 
associated With a color and brightness, With the color being 
de?ned by chromatic components that can be located in the 
color space of the acquisition system. The brightness is 
determinable from the chromatic components, characteriZed 
in that, for each image point: 

[0011] 
[0012] color standardiZation is carried out, leading to 

standardiZed chromatic components r, g, b; 

[0013] a chromatic brightness is determined from the 
standardiZed chromatic components r, g, b; and 

[0014] the chromatic brightness is compared With the 
brightness to identify the presence of a shadoW on 
the relevant image point. 

the brightness is determined; 

[0015] The invention also relates to images produced 
using digital processing betWeen a starting image and a 
mapping or mask of this starting image, With the mapping or 
mask having been obtained by the process previously pre 
sented. 

[0016] Therefore, the present invention relates to a process 
of identifying a shadoW in a digital image, With the digital 
image comprising a set of image points that can be located 
in a plane of the image, and each image point being 
associated With a color and brightness. The color is de?ned 
by chromatic components that are locatable in a color space 
of an acquisition system, and the brightness is determinable 
from the chromatic components, Wherein for each image 
point the process comprises the steps of: determining a 
brightness; performing a color standardiZation to provide 
standardiZed chromatic components r, g, b; determining a 
chromatic brightness from the standardiZed chromatic com 
ponents r, g, b; and comparing the chromatic brightness With 
the brightness of each image point to identify a presence of 
a shadoW on a relevant image point. 

[0017] Various other characteristics emerge from the 
description made beloW Which sometimes refers to the 
annexed draWings illustrating, as non-limiting examples, the 
digital methods used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a graphic representation in space, of the 
color of a point according to its chromatic components, in a 
color space system of the acquisition system having three 
axes corresponding to the primary colors, the color of a point 
being represented by a vector; 

[0019] FIG. 2 illustrates the various steps of the process of 
the invention; 

[0020] FIG. 3 is a graphic representation in a standardiZed 
XYZ color space system, of a triangle commonly called 
chromatic triangle or color gamut; 
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[0021] FIG. 4 is a chromatic diagram representing the 
chromatic plane onto Which the color vectors are projected 
during the standardization step; 

[0022] FIG. 5 represents a digital photograph that can be 
used as the starting image of the process of the invention; 
and 

[0023] FIG. 6 represents an eXample of the mask of the 
non-shadoWed Zones of the digital photograph of FIG. 5, 
obtained by the process of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The identi?cation of the shadoWs in question can, 
in general, be understood as being the recognition of the 
presence or not of a shadoW on each image point. This 
recognition can be accompanied by a point by point encod 
ing of the image, giving information of the presence or not 
of a shadoW. This encoding is useful for producing a 
mapping of the shadoWs of the image, as Well as producing 
a mask of the shadoWed Zones or non-shadoWed Zones. 

[0025] The image from Which the shadoW identi?cation is 
produced can be a digital photograph 1 (FIG. 5) or an image 
digitiZed from a photograph. The photographed vieW pref 
erably comprises bodies that are colored and illuminated by 
a direct light source, as Well as a source of ambient light; 
both light sources having the same spectral composition. 
VieWs photographed in daylight, on a sunny day usually 
ful?ll these criteria. 

[0026] The image 1 (FIG. 5) of the invention comprises a 
set of image points that can be de?ned by the resolution of 
the acquisition system used; the latter can be, for eXample, 
a camera or scanner. Most often the image points are the 
piXels de?ned by the digital image or digitiZed image. 

[0027] The image points can also be piXel groups repre 
senting the image With a loWer resolution, Which enables 
faster digital processing. In such a case, it can be useful to 
carry out preliminary processing in order to determine the 
average color of each of these points. According to another 
aspect, these points can be the ?nite elements of the image, 
for eXample folloWing its segmentation into color Zones. 

[0028] The image points must also be locatable in its 
plane, Which enables indeXing to be carried out for later 
digital processing. Most often, these points are locatable 
using their coordinates in a system made up by tWo aXes 
parallel to the image plane, and preferably orthogonal. 

[0029] According to the invention, each point of an image 
is associated With a color de?ned by the chromatic compo 
nents R, G, B locatable in the RGB color space of the 
acquisition system. The R, G, B chromatic components of a 
color are generally the relative Weight of each of the three 
primary colors making up the color. As shoWn in FIG. 1, the 
color of a point can be represented by a vector, having for 
an application point the origin of the three aXes correspond 
ing to the primary colors, and for an end, a point located by 
the R, G, B chromatic components of the color on these three 
axes. 

[0030] There are several types of RGB color space that 
vary according to the acquisition system used. They are 
differentiated from each other by the Wavelengths of their 
associated primary colors as Well as by the reference White. 
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These color spaces are also called “physical color spaces”. 
Standards have been de?ned, such as the CIE (Commission 
Internationale de l’Eclairage) for Which the said primary 
colors have Wavelengths of 700 nm, 546.1 nm and 435.8 nm. 

[0031] According to the present invention, each image 
point is associated With a brightness that can be determined 
from the chromatic components R, G, B of the color of the 
point. 

[0032] As shoWn in FIG. 2, the invention process com 
prises at least ?ve steps that are implemented from a starting 
image 1, such as de?ned above. 

[0033] According to the ?rst Step 100 of the invention 
process, the brightness 2 is determined for each image point 
1. 

[0034] Generally, the brightness of a point is determined 
by a component Y in an XYZ color space system, the color 
of the point having X, Y, Z components in this system. The 
brightness of a point can be determined using a linear 
combination of the chromatic components R, G, B of the 
color of the point. 

[0035] The relevant XYZ color space is preferably de?ned 
independently of the material characteristics related to the 
acquisition system’s physical constraints. This XYZ color 
space can be, especially, a standardiZed color space, eg 
de?ned according to the CIE standard or others knoWn as 
“Recommendation 601”, “Recommendation 709”, etc. 

[0036] According to the second Step 200 of the invention 
process, color standardiZation is carried out for each image 
point, thus leading to the standardiZed chromatic compo 
nents X, y, Z. This color standardiZation step can lead to a 
standardiZed image 3. 

[0037] Preferably, color standardiZation comprises the fol 
loWing steps: 

[0038] the X, Y, Z components of the color are 
determined in a three-dimensional system of a stan 
dardiZed XYZ color space; 

[0039] the X, y, Z components of the standardiZed 
color in the three-dimensional system of the stan 
dardiZed XYZ color space are calculated by dividing 
the X, Y, Z components previously calculated, 
respectively by the sum of the latter; and 

[0040] the chromatic components r, g, b of the stan 
dardiZed color in the chromatic RGB color space are 
determined from the X, y, Z components of the 
standardiZed color previously calculated. 

[0041] The three-dimensional system of the standardiZed 
XYZ color space in Which the color standardiZation is 
carried out can be de?ned by a transfer matriX for going 
from the RGB color space to the standardiZed XYZ color 
space, as Well as by a matriX for a transfer in the other 
direction. The standardiZed XYZ color space is generally 
de?ned according to a given standard, such as, for eXample, 
the CIE standard, or others knoWn as “Recommendation 
601”, “Recommendation 709”, etc. 

[0042] In the case of the CIE standard, the transfer matri 
ces of a physical RGB color space to a standardiZed XYZ 
color space, in both directions, can be eXpressed as folloWs: 
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X 0.49 0.31 0.2 

[ Y ] = [0.1769 0.8124 0.01063 
Z 0 0.01 0.99 

R 

[G B 
[0043] The three-dimensional system of the standardized 
XYZ color space can be orthogonal, ie the three aXes 
locating the X, Y, Z components are orthogonal. The three 
dimensional system of the standardized color space can 
generally enable the de?nition of the colors independently 
from the material characteristics of the acquisition system 
used. 

2.3647 —0.896 —0.468 X 

=[—0.5151 1.426 0.0887]*[Y] 0.005 —0.0144 1.009 Z 

[0044] According to the second step of the color standard 
ization, the X, y, Z components of the standardized color in 
the three-dimensional system of the standardized XYZ color 
space can be calculated by dividing the X, Y, Z components 
calculated during the ?rst standardization step, respectively 
by the sum of the latter. Standardized colors With X, y, z 
components can be represented graphically in a plane, called 
the chromatic plane, de?ned by the equation X+y+z=1. The 
projection of the chromatic triangle, de?ned beloW, corre 
sponding to the acquisition system, can be represented 
graphically in the same chromatic plane. This chromatic 
triangle, also knoWn as the color gamut, has summits 
through Which pass the aXes of the physical RGB color space 
system. The color gamut enables the de?nition of all the 
colors that can be produced by the additive process of the 
primary colors of the acquisition system. 

[0045] As shoWn in FIG. 3, the chromatic triangle is 
described by three points that correspond to the Wavelengths 
of the primary colors of the RGB color space of the 
acquisition system. According to the third step of the stan 
dardization, the chromatic components r, g, b of the stan 
dardized color in the chromatic RGB color space are deter 
mined from the X, y, z components of the standardized color 
calculated during the second step of the standardization. The 
neW chromatic components r, g, b in the physical RGB color 
space can thus be calculated from the standardized compo 
nents X y, z using a transfer matriX of the standardized XYZ 
color space to the physical RGB color space. 

[0046] Standardization can be represented by projecting 
color vectors in the chromatic plan. As shoWn in FIG. 4, the 
standardized color can be represented in the limits of the 
projection of the chromatic triangle in the chromatic plane 
by the standardized components X and y. 

[0047] According to the third Step 300 of the invention 
process, the chromatic brightness 4 of a point is determined 
from the standardized chromatic components r, g, b. Accord 
ing to a preferential embodiment, the chromatic brightness 
4 of a point is, preferably, determined from the chromatic 
components r, g, b of the standardized color of the point, 
according to a process similar to the determination of the 
brightness. 

[0048] According to the fourth Step 400 of the invention 
process, the chromatic brightness is compared With the 
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brightness to identify the presence of a shadoW on the 
relevant image point. The comparison betWeen the chro 
matic brightness and the brightness can be done using the 
values of these parameters calculated in the previous steps, 
or the modi?ed values of these parameters by means of 
appropriate digital processing. In general, the presence of a 
shadoW on the relevant image point is identi?ed if the 
modi?ed or not value of the chromatic brightness is more 
than the brightness. 

[0049] Preferably, the presence of a shadoW on the rel 
evant image point is identi?ed if the chromatic brightness is 
more than the brightness. This enables the representation of 
the shadoWs in the form of a mapping or a mask 5 of the 
shadoWed or non-shadoWed zones. 

[0050] Processing of the image according to the invention 
process can enable, based on a digital color photograph as 
shoWn (in black and White) in FIG. 5, identi?cation of the 
shadoWs and the production of a representation in mask 
form of the non-shadoWed zones, like in FIG. 6, Where only 
the shadoW zones appear light. 

[0051] Using the starting image shoWn in FIG. 5 and the 
mask associated With it, shoWn in FIG. 6, it is possible to 
make other images by digital processing, e. g. by eliminating 
or attenuating certain shadoWs on the starting image. 

[0052] The invention has been described in detail With 
particular reference to certain preferred embodiments 
thereof but it Will be understood that variations and modi 
?cations can be effected Within the spirit and scope of the 
invention. 

What is claimed is: 
1. Aprocess of identifying a shadoW in a digital image, the 

digital image comprising a set of image points that can be 
located in a plane of said image, each image point being 
associated With a color and brightness, the color being 
de?ned by chromatic components that are locatable in a 
color space of an acquisition system, the brightness being 
determinable from said chromatic components, Wherein for 
each image point the process comprises the steps of, 

determining a brightness; 

performing a color standardization to provide standard 
ized chromatic components r, g, b; 

determining a chromatic brightness from the standardized 
chromatic components r, g, b; and 

comparing the chromatic brightness With the brightness of 
each image point to identify a presence of a shadoW on 
a relevant image point. 

2. Aprocess according to claim 1, Wherein said brightness 
determining step comprises determining a brightness of each 
image point by a component Y in an XYZ color space 
system, a color of said point having X, Y, Z components in 
said system. 

3. Aprocess according to claim 2, Wherein the XYZ color 
space is de?ned independently of material characteristics 
related to physical constraints of the acquisition system. 

4. Aprocess according to claim 2, Wherein the XYZ color 
space is a standardized color space. 

5. A process according to claim 4, Wherein the standard 
ized color space is de?ned according to a predetermined 
standard. 
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6. A process according to claim 1, wherein said step of 
performing color standardization comprises the steps of: 

determining X, Y, Z components of a color in a three 
dimensional system of a standardiZed XYZ color space; 

calculating X, y, Z components of the standardiZed color in 
the three-dimensional system of the standardiZed XYZ 
color space by dividing the X, Y, Z components, 
respectively by a sum of the X,Y,Z components; and 

determining the chromatic components r, g, b of the 
standardiZed color in a chromatic RGB color space 
from the X, y, Z components of the standardiZed color. 

7. Aprocess according to claim 1, Wherein the chromatic 
brightness of an image point is determined from the chro 
matic components r, g, b, of the standardiZed color according 
to a process similar to the determination of the brightness. 

8. Aprocess according to claim 1, Wherein the presence of 
a shadoW on the relevant image point is identi?ed if the 
chromatic brightness is more than the brightness. 
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9. A process according to claim 1, Wherein the identi? 
cation of the presence of a shadoW for each image point 
enables a mapping of the shadoW in the image to be 
produced. 

10. A process according to claim 1, Wherein the identi? 
cation of the presence of a shadoW for each image point 
enables a mask of shadoWed and non-shadoWed Zones in the 
image to be produced. 

11. An image produced using digital processing betWeen 
a starting image and a mapping or mask of the starting 
image, the mapping or mask being obtained by a process 
according to claim 9. 

12. An image produced using digital processing betWeen 
a starting image and a mapping or mask of the starting 
image, the mapping or mask being obtained by a process 
according to claim 10. 


